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1 Introduction

3GPP RAN WG4 is currently specifying a new base station class for 3G Home NodeBs (HNB). According to objective 1 of the WID [1], the task is to update the radio requirements in TS 25.104, where appropriate. One of the main RF requirements to be specified is the BS maximum output power (or rated output power, PRAT).

This paper provides Ericsson’s thoughts and comments on the topic, based on the presented simulation results, as well as on the Telco minutes in [2] and the draft CR proposal in [3].

2 Discussion
2.1 Home cell coverage vs inter-operator interference

Already in a very early stage of the HNB study item it became obvious that finding the appropriate maximum HNB output power will be a trade-off between home cell coverage, and the interference towards overlaying cells (macro, micro, pico, home) and other systems. There was also an early consensus that in case of useful co-channel deployments, downlink interference mitigation, typically in form of an adjustable HNB maximum output power, is needed.
Unfortunately, many of the studies during study and work item have concentrated in finding a good trade-off between home NodeB coverage and intra-operator co-existence. Less focus has been put on the topic of finding an acceptable inter-operator (or inter-system) co-existence, even though that was also one of the “requirements” listed as the conclusions of the study item.
The topic of inter-operator co-existence has been studied e.g. in [4], [5], [6] and [7]. In all of them, no automatic adjustment of HNB maximum output power is assumed. Hence, the maximum output power is kept fixed, and the same for all HNBs. This is of course a simplification with respect to perhaps the most common scenario, where the HNB power will be adjusted with respect to the measured macro cell strength and/or quality. However, what is typical for inter-operator scenarios, is that the operators’ macro cell networks will not be co-located. Hence, it can happen that a HNB maximum output power, which is found to give an acceptable trade-off between home cell coverage, and the intra-operator interference, may cause significant coverage problems (“dead zones”) for the neighbouring macro cell operator operating on an adjacent channel next to the HNBs. This can be for example the case for the scenario, where the macro sites of operator A are located close to the cell border of neighbouring operator B (worst case inter-operator offset). For that kind of multi-operator scenarios, the simulated interference scenarios in [4]-[7] might not be greatly overestimated.
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Figure 1. An example distribution of the PHNBmax values assuming a simple RSCP-based HNB power adjustment algorithm.
The results in e.g. [4] indicate that if the HNB operator aims for fairly large home cells within small macro cells, resulting in fairly high HNB maximum output powers (Figure 1), the impact towards the neighbouring operator can be significant, if the HNB maximum total output power
 is allowed to exceed 15 dBm (see the results in Figure 2). This will be the case in particular if a mature HNB deployment with a higher HNB penetration is considered.
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Figure 2. Relative average HSDPA bit rate for 25% HNB deployment density, assuming a either a 5 dB (left) or 10 dB (right) wall loss between apartments.

In order to study the corresponding co-existence scenario assuming HNBs with a downlink interference mitigation algorithm, a second macro network, one belonging to the HNB operator and used as a reference network for intra-operator power adjustment, should be included into the simulations. Only then, a picture of the real multi-operator co-existence could be obtained, including also an estimate of the expected HNB performance in terms of both coverage and capacity. With the help of such simulator, one could also get an idea of the impact of using either single, or multi-operator measurements to adjust HNB maximum output power. Furthermore, one could study the impact of the HNB introduction on the whole multi-operator co-existence, i.e. how much larger dead zones, or capacity loss, the victim operator experiences, when the neighbouring operator decides to introduce HNBs into his network.
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Figure 3. Assumed scenario to study the level of inter-operator interference.
Unfortunately, no simulation results for such multi-operator co-existence scenarios have been presented to the RAN4. In order to get a rough idea of how the co-existence scenario can look like, a simple scenario in Figure 3 can be assumed. There, UE N, served by macro NodeB N (belonging to operator A), is located relatively close to macro NodeB M and home NodeB H (both belonging to operator B). Since the UE N cannot perform handover to either NodeBs, it will experience additional downlink interference, eventually leading to a coverage hole (“dead zone”).

Assuming that the serving cell is transmitting with the full power (Pmax,N), the P-CPICH Ec/I0 for UE N can be calculated as


[image: image5.wmf](

)

H

M

N

N

max,N

N

CPICH

N

c

I

I

L

G

P

P

I

E

+

+

÷

÷

ø

ö

ç

ç

è

æ

+

=

=

1

1

,

0

r




(1)
where GN is the downlink geometry factor for UE N excluding the contribution of adjacent channel macro NodeB M and home NodeB H. The received average interference from macro NodeB M and home NodeB H can be calculated as
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(2)
where  is the NodeB activity factor, i.e. the ratio between the average transmitted power and the maximum output power.

Assuming that home NodeB H applies a simple P-CPICH RSCP based power adjustment scheme, where the home NodeB RSCP is equal to measured macro P-CPICH RSCP at path loss LHcov from the home NodeB, the Pmax,H can be written as
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assuming that the ratio PCPICH/Pmax is the same for both macro NodeB M and home NodeB H. Furthermore, it has been assumed that
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Taking the above into account, the P-CPICH Ec/I0 for UE N can be re-written as
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(4)
Assuming now that PCPICH,N is equal to 2 W, Pmax,N is equal to 20 W, GN is equal to 3 dB, M is equal to 0.5 and H is equal to 0.3, the Ec/I0 as a function of LN can be obtained, as shown in Figure 4. On both figures, the curves (from left to right) correspond to 
[image: image12.wmf]*

max,H

P

 equal to [20, 18, 13, 8, 3, 0] dBm.
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Figure 4. P-CPICH Ec/I0 for UE N with different values of LN and LM.
Assuming a certain Ec/I0 threshold for out-of-coverage, e.g. -20 dB, it becomes obvious, that if operator B applies a larger LHcov to improve home cell coverage, operator A will experience larger dead zones. This can also be noticed in Figure 5, where the relationship between LM and LN is drawn, assuming  = -20 dB, and LH = 50 dB. Basically, one can read Figure 5 so that on the right hand side of the curves, Ec/I0 is better than -20 dB, but on the left hand side it is less than -20 dB. At the bottom, the co-existence scenario is limited by 
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Figure 5. Relationship between LM and LN so that P-CPICH Ec/I0 is equal to -20 dB for a coupling loss LH equal to 50 dB from the victim UE towards the interfering HNB.
2.2 New requirements for BS maximum output power

For the previous BS classes, medium range BS and local area BS, the only RF requirement in [8] limiting the BS output power has been the maximum allowed value for the rated output power, PRAT. What is different from the previous BS classes, is that home base stations are not deployed by the operator, but by the end-users. Hence, the deployment will not be planned, neither from the intra-, nor inter-operator point of view. The end-users are also allowed to move the HNB to a new location, both within the apartment, as well as between apartments.

Even though it wouldn’t be required by the 3GPP, most of the HNBs, at least the ones allowing a co-channel deployment with respect to the overlaying macro cell, would probably include some form of adjustment algorithm for the maximum output power. However, the type of the algorithm, as well as the applied measurement input would be vendor-specific. For example, there would not be any guarantees that the implemented algorithm would take the estimated inter-operator interference into account. And perhaps most of all, there would not be any requirements on how the operators shall use the implemented algorithms, for example in scenarios as described above, where a clear focus on home cell coverage can cause significant coverage problems for the neighbouring operator.
The traditional way of defining only a single limit for the PRAT, and no additional limitations for the usage of the transmission power, is of course simple and would leave all the freedom for the HNB vendors and operators to design and apply power adjustment algorithms. However, in order to secure an acceptable inter-operator co-existence also in scenarios where the HNB operator aims for good home cell coverage, one should be quite restrictive when setting the maximum allowed PRAT value in [8], as demonstrated e.g. by the results in [4], [5] and [6]. The downside of this kind of solution would obviously be that the maximum obtainable home cell coverage would be limited for scenarios with a high level of macro cell interference and a low level of inter-HNB interference. But one can also question, how common would such scenarios be in reality, which require a home BS maximum total output power larger than e.g. 15 dBm.
Another solution to the problem would be to introduce a new requirement that the HNB shall include a measurement based power adjustment algorithm. However, in order to be useful, the requirement should provide a fairly detailed specification of the actual algorithm, e.g. which measurements shall be used, and how. Furthermore, in order to avoid scenarios with a high level inter-operator interference, one should most probably also put requirements on how the operators use the algorithm. In all, the freedom of implementation and usage would be greatly reduced.

Perhaps the best way to limit inter-operator interference, without hurting the freedom of vendors and operators too much, would be to define some form of maximum emission “envelope”, which would in practise allow the use of higher HNB output powers only in scenarios where they would not harm the neighbouring operators too much. The vendors and operators would still have all the freedom to adjust the HNB output power as they choose, as long as it stays below the specified “envelope” for the maximum allowed power level.
How should this kind of emission envelope be defined? As we see it, there are at least two different possibilities:
· Requiring that a HNB transmitting on full power shall not cause a downlink coverage hole ( = Ec/I0 < X) larger than Y dB for any of the co-existing networks belonging to other operators, or

· Requiring that a HNB transmitting on full power shall not reduce the downlink quality (Ec/I0) by more than X dB for any of the co-existing UEs belonging to other operators that are further than Y dB from the HNB.

The first one is a simpler requirement, but has a downside that it does not necessarily apply to scenarios where the HNB is already located in a neighbouring operator’s coverage hole, or where the neighbouring carrier is not used. In such scenarios, the HNB should be allowed to transmit, but with such power that it would not extend the coverage hole too much. For the “normal” case, the requirement for the maximum total output power (PE,H) can be expressed as
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(5)
where RSSI0, RSCP0 and 0 are measured on the frequency of the victim carrier. The resulting PE,H,dBm is visualized in Figure 6, where it is also assumed that 0 = [-10, -12, -14, -16] dB, X = -20 dB and Y = 50 dB. Hence, the HNB would be allowed to operate on any power level that is below both PE,H and PRAT (dashed green line). One simple attempt to solve the problems related both to the locations with a very weak adjacent channel cell and the required dynamic range of the HNB maximum output power, would be to introduce a certain lower limit of the PE,H,dBm, (PE,H,min) indicated by the light blue dashed line in Figure 6. 
The actual level of the PE,H,min is left for further discussion. A higher PE,H,min will be less stringent for scenarios, where the neighbouring carrier is very weak or is not used (basically when RSSI0 is roughly equal to the noise floor of the device performing the measurement). However, at the same time the inter-operator interference will increase for a bit higher RSSI0. Furthermore, when the PE,H,min is raised, the area where PE,H will be applied, decreases. One extreme option to simplify the whole model would be to define it as a “step”, where PRATA is valid for RSSI0 < Z dBm, and PRATB is valid for RSSI0 ≥ Z dBm. In order to define appropriate values for PRATA, PRATB and Z, additional evaluations should be performed. 
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Figure 6. Maximum allowed total output power PE,H as a function of RSSI0.
The second alternative may initially appear to be a bit more complex, but in fact as it turns out, it requires only an estimate of the RSSI0 as a measurement input. The downside is that it does not necessarily stop the introduction of new coverage holes, but should anyway limit the size and probability of them.

Looking at the second alternative a bit closer, one can write the requirement for the maximum allowed total output power as
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In order to get an idea of how to set an appropriate value for X and Y in case of the second algorithm, let us for example consider the RSSI and RSCP distributions from “Network X” [5]. The corresponding results for the PE,H,dBm are shown in Figure 7, and the results for the size of the dead zone (Ec/I0 < -20 dB) are shown in Figure 8. In both figures it is assumed that X = 3 dB and ACIRH = 33 dB.
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Figure 7. Distribution of PE,H,dBm for “Network X” with different values of Y.
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Figure 8. Sizes of dead zones for “Network X” assuming the PE,H,dBm distributions from Figure 7.
On the left hand side of Figure 8, the lower tail is caused by the locations with PE,H,dBm > 20 dBm, while the upper tail is caused by the locations with PE,H,dBm < 0 dBm. On the right hand side, only the locations with 0 < PE,H,dBm < 20 dBm are considered.
Looking at the results in Figure 8, an appropriate value of Y could be in the order of 50…55 dB, assuming X = 3 dB and ACIR = 33 dB. With those values, the sizes of the resulting dead zones are in between 40 dB and 55 dB, considering only the locations where the maximum total output power is within the assumed dynamic range (0…20 dBm). Larger dead zones are probably acceptable if they are confined inside the apartment containing the HNB. However, if a dead zone extends into neighbouring apartments, or into (public) outdoor areas, for example if the HNB is located next to a window, it starts to cause co-existence problems. Since it might probably be very challenging to develop an algorithm that will provide a reliable estimate on the location of the HNB within the apartment (close to a window or not), it might be wise to be a bit more restrictive when defining a value for Y.
Similar to the first alternative, the PE,H,dBm can be visualized as shown in Figure 9. There, it has been assumed that X = 3 dB, Y = [45, 50, 55, 60] dB, and ACIR = 33 dB. Again, the HNB would be allowed to operate on any power level that is:

1. Below PRAT (or the maximum allowed total power based on PRAT), and

2. Below PE,H or PE,H,min, whichever is less stringent (allows a higher output power).
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Figure 9. Maximum allowed total output power PE,H,dBm as a function of RSSI0.
Similar to the first alternative, the level of PE,H,min should be discussed further, as well as the possibility to further simplify the requirement for maximum allowed total output power as discussed above.

The impact of this kind of maximum total output power limitation on the expected HNB performance has not been considered here since it would have required the implementation of a second macro cell network into the simulator, in particular in case of co-channel HNB deployments.
2.3 PRAT vs maximum total power

As mentioned, the requirement for BS maximum output power in [8] is given as the rated output power, PRAT, which is defined as “the mean power level per carrier that the manufacturer has declared to be available at the antenna connector”. 

However, it is our understanding that a clear majority of the studies made by different companies during both the study and work item have assumed a certain HNB maximum total power, i.e. the total Tx power calculated over all Tx antenna connectors. This should be kept in mind when drawing the final conclusions for an appropriate value for the PRAT requirement.

For example, if the studies indicate that the acceptable coverage/interference trade-off is achieved when the HNB maximum total power is kept below X dBm, there are at least three different ways to write the requirement for the corresponding PRAT:
1) PRAT < X-3 dBm

2) PRAT < X dBm (1Tx)
PRAT < X-3 dBm (2Tx, MIMO)

3) PRAT < X - 10∙log10(n) dBm, where n is the number of Tx antenna ports per carrier

The first one is simple, but it introduces an unnecessary hard limitation for 1Tx. The second one solves that problem, but it is only valid for a maximum of 2 Tx antenna ports. Finally, the third one would be the most future-proof of these three alternatives, e.g. something that could perhaps be considered later for LTE.

Now, according to [2] the discussion during the telephone conference seemed to have converged to allowing 20 dBm as the maximum power. However, it was not clear, whether this agreement was on PRAT, or on maximum total power, i.e. whether the specification would end up allowing 20 or 23 dBm as the maximum total power. From Ericsson’s point of view, allowing 23 dBm seems risky, keeping in mind the very limited amount of simulation results presented for maximum total power larger than 20 dBm. In addition to that, the results with 20 dBm have often indicated interference problems towards the co-existing macro networks, which will not become any smaller if even higher HNB output power levels would be allowed to improve home cell coverage. Furthermore, referring to the discussion in the previous section, our view is that HNB maximum total output powers exceeding 13-15 dBm shall not be allowed unless new requirements are introduced, limiting the use of higher HNB output powers only to scenarios where the estimated impact on neighboring operators is acceptable.
3 Conclusions

This paper has provided Ericsson’s thoughts and comments on the topic of maximum HNB output power.

Our first conclusion is that the HNB maximum output power shall be adjusted based on the estimated macro cell interference, at least for any useful co-channel deployments. For deployments on a dedicated carrier, it might be possible to find a fixed maximum output power level that would result in a decent trade-off between home cell coverage and interference. However, the appropriate value would depend on the actual macro cell layout (cell sizes etc). Therefore, also the deployments on dedicated carriers will benefit from the use of measurement based power adjustment algorithms. It is therefore recommended to apply a measurement based power adjustment algorithm for all HNB deployments.

The second conclusion is that this kind of maximum output power adjustment algorithm should not only consider the operator’s own carriers, but also neighboring carriers belonging to other operators. Furthermore, the algorithm should aim at finding an acceptable trade-off between home NodeB performance, intra-operator interference and inter-operator interference.

The third conclusion is that if the vendors and operators are given as much freedom as possible to implement and apply the downlink interference mitigation algorithms, the RF requirement in [8] for maximum allowed PRAT has to be quite restrictive, or alternatively, some additional RF requirements are needed. The main purpose of these new requirements is to make sure that higher HNB output powers are allowed only when they will not harm the other operators too much.

The fourth conclusion is that the preferred way to implement such requirement is to introduce a limitation for the maximum allowed total output power based on the estimated RSSI (or RSCP and Ec/I0) on the most sensitive carrier belonging to an adjacent operator. By doing so, the vendors and operators are still left the freedom to apply whatever maximum output power they choose as long as that output power stays below the defined “emission envelope”.
The fifth conclusion is that our preferred way to define PRAT for home BS class is to keep the maximum total output power the same for all defined numbers of Tx antenna ports, because this would be better in line with the presented simulation results from various companies. Furthermore, by doing so the performance of 1Tx would not be unnecessarily reduced.

Our view is also that without any additional RF requirements limiting the usage of higher maximum HNB output powers, the maximum allowed PRAT for 2Tx and MIMO shall not exceed 12 dBm (15 dBm for 1Tx). If additional requirements limiting the usage of higher output powers are introduced, maximum allowed PRAT can be raised to 17 dBm (2Tx/MIMO) and 20 dBm (1Tx). The proposed maximum total power of 23 dBm (2Tx/MIMO) [3] should definitely be accompanied by additional emission limitations, and possibly also some new studies evaluating the interference impact. Finally, one can also question the number of scenarios that would really benefit from this additional transmission power.
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� Transmission power measured as the sum of all Tx antenna ports.
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